user-defined MSP library that includes the major Brachyspira species commonly isolated from swine, including "B. hampsonii", and the use of this library to rapidly identify field isolates of Brachyspira from swine samples.
The 33 Brachyspira strains to be included in the userdefined library were selected based on phenotypic cultural characteristics followed by species identification using a combination of nox, 16S rDNA, and/or 23S rDNA sequencing. The strains are part of a culture collection maintained at the Iowa State University Veterinary Diagnostic Laboratory (ISU VDL; Ames, Iowa). The collection was started in 1974 and includes historical strains and more recent isolates from cases of swine diarrhea received for diagnostic microbiology. All isolates were cloned 3 times by single colony picks before inclusion in the culture collection. In addition, the isolates were characterized by colony characteristics and molecular methods. At least 5 strains from each Brachyspira species were chosen except for B. pilosicoli and B. intermedia where Table 1 . Brachyspira cultures were performed at 42°C in anaerobic jars b utilizing gas generators. c Surface growth from each strain was harvested from trypticase soy agar (TSA) containing 10% bovine blood after 2-6 days of anaerobic incubation into 0.85% physiological saline. One milliliter of the bacterial suspension was transferred to a centrifuge tube and centrifuged (17,968 × g, 2 min) to form a bacterial pellet. The pellet was resuspended in 300 µl of sterile water. Subsequently, 900 µl of 100% ethanol was added to the suspension and mixed thoroughly. The sample was then centrifuged (17,968 × g, 2 min), and the ethanol solution was decanted. The remaining ethanol was allowed to evaporate from the centrifuge tube. The pellet was then resuspended in 50 µl of 70% formic acid. Next, 50 µl of 100% acetonitrile was added to the solution and mixed completely. The suspension was centrifuged a final time (17,968 × g, 2 min). One microliter of the supernatant was then spotted onto the 96-well plate 12 times. Each time a database addition was performed, the MALDI-TOF MS was calibrated to a bacterial test standard according to the manufacturer's protocol. Thirty-six raw mass spectra were collected from each strain with at least 20 of these spectra compiled according to the manufacturer's protocol to create a MSP that became available for use in a new user-defined Brachyspira library.
After creation of the Brachyspira library, all field isolates obtained at the ISU VDL between October 1, 2012 and December 31, 2013 (176 isolates) from swine samples and representing various Brachyspira species were compared using MALDI-TOF MS and nox sequencing. Isolates from this time frame were all from the United States with the exception of 1 isolate from Canada. Field isolates were cultured anaerobically on TSA plates containing 5% bovine blood, and colistin, vancomycin, and spectinomycin (CVS 10 ) and TSA plates containing 5% bovine blood, and colistin, vancomycin, spectinomycin, spiramycin, and rifampicin (BJ 12 ). Brachyspira growth was subcultured from either CVS or BJ by at least 1 single colony pick for each field isolate. After 2, 4, or 6 days of incubation, cultures of Brachyspira spp. were spotted in duplicate onto a steel plate and allowed to dry. The CVS or BJ agar plates were used to spot onto the steel plate based on the amount of surface growth. One microliter of matrix solution was applied to each spot and allowed to dry. Next, the plate was processed according to the MALDI-TOF MS manufacturer's protocol for bacterial identification.
The generated spectra from these isolates were then compared against the combined manufacturer's bacterial library and the Brachyspira library. The resulting output is a scorebased bacterial identification ranging from 0 to 3.0. The manufacturer's guidelines suggest that scores ≥2.0 are considered reliable identifications at the species level and scores ≥1.7 are considered reliable at the genus level. For this evaluation, an isolate with an identification score ≥1.7 was considered acceptable at the species level and was used for nox sequencing comparison. The cutoff value of ≥1.7 was used to test the robustness of the new user-defined Brachyspira library. Multiple attempts of MALDI-TOF MS were performed on some isolates to obtain a score of ≥1.7. Two weakly beta-hemolytic isolates were further characterized by a species-specific PCR that targets portions of the nox gene to detect B. pilosicoli, B. murdochii, B. intermedia, and B. innocens as previously described. 17 Additional molecular techniques were not performed on any other isolates. Sanger sequencing of the nox gene was performed using previously published forward and reverse primers 14 and a DNA analyzer. d Primers amplify an approximate 939 base pair fragment of the central portion of the nox gene. Sequencing of the 16S rDNA was performed using the following forward and reverse primers: F: 5′-TGGAGAGTTTGATCCTGGCT CAG-3′; R: 5′-TACCGCGGCTGCTGGCAC-3′. The primers amplify an approximate 500 nucleotide region at the 5'-end of the 16S rDNA gene. 8 Sequencing of the 23S rDNA was performed as previously described. 4 Used together, all 3 sets of primers were used to amplify and sequence approximately 2,400 nucleotides of the 23S rDNA. Consensus sequences were created and analyzed using a commercial software program. e Sequence identification was determined by alignment comparison with nox sequences available in GenBank from previously identified Brachyspira species. Consensus sequences were also subjected to BLAST analysis (http://blast.ncbi.nlm.nih.gov/Blast.cgi) to compare sequence similarity and to determine percent similarity to the entirety of the GenBank sequence database.
The results of identification using MALDI-TOF MS and nox sequencing performed on 176 Brachyspira field isolates are summarized in Table 2 . All 176 field isolates had detectable peaks with scores ≥1.7. Of the 176 field isolates compared, 174 (98.9%) MALDI-TOF MS identification results matched speciation results obtained with nox sequencing. Of the 2 non-matched results, MALDI-TOF MS identified both as B. innocens whereas nox sequencing identified one as B. pilosicoli and the other as B. murdochii. These 2 weakly beta-hemolytic isolates were further characterized by PCR. The results of this additional work indicated that 1 isolate was likely B. pilosicoli, which matched the nox sequencing results and the other isolate was likely B. innocens, which matched the MALDI-TOF MS results. Of the 176 field isolates in the current study, 30 were identified as "B. hampsonii " by MALDI-TOF MS and nox sequencing. Twenty-six field isolates were identified by nox sequencing as "B. hampsonii " clade I, and 4 field isolates were identified by nox sequencing as clade II. Comparatively, 25 field isolates were identified by MALDI-TOF MS as "B. hampsonii " clade I, and 5 field isolates were identified by MALDI-TOF MS as clade II. Overall, of the 30 "B. hampsonii " isolates com-pared, 27 (90%) matched clade designation in both assays. One isolate was identified as both clades by MALDI-TOF MS and, in this case, the highest score was used for the final clade identification. A phylogenetic analysis was performed on the nox sequence of the "B. hampsonii" field isolates ( Fig. 1) . Two different groups were formed representing the 2 clades of "B. hampsonii." In addition to nox sequences, MALDI-TOF MS identities and scores were included in the phylogenetic dendrogram.
In conclusion, after creation of a Brachyspira library, MALDI-TOF MS identification compared favorably to results obtained by nox sequencing methods. A total of 98.9% of field isolates could be identified using MALDI-TOF MS with the same results as a more complex and expensive nox sequencing method, which has been considered the most reliable method to speciate swine Brachyspira. 14 The results support work presented previously. 5, 13 In addition, the current study shows that MALDI-TOF MS is capable of differentiating between clades of "B. hampsonii " with a high degree of accuracy. Ninety percent (27/30) of the isolates matched clade designation by nox sequencing indicating that MALDI-TOF MS is a useful screening tool for "B. hampsonii" clade designation. The few anomalous results may be due to the potential for swine feces to contain multiple Brachyspira species. Resolution is possible through extensive and complicated cloning methods and may be warranted in certain clinical presentations. Therefore, the data from the current study shows that MALDI-TOF MS is a fast, cost-effective, reliable, and complete tool for the identification of swine Brachyspira.
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